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© Polyacetal resin molding compositions and sliding members formed thereof exhibiting anti-friction and 
abrasion-resistance properties are provided by compositions which include (A) 100 parts by weight of a 
polyacetal base resin, (B) between 0.5 and 40 parts by weight of a branched or cross-linked graft copolymer 
which is a graft-reaction product of (a) an olefin polymer, and (b) a vinyl or ether polymer, (C) between 0.1 and 
20 parts by weight of a lubricant, and (D) between 0.5 and 30 parts by weight of an inorganic powder having a 
mean particle diameter of 50um or less and a content of particles having a particle diameter of I00u>m or less of 
at least 95%. 
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ANTI-FRICTION AND WEAR-RESISTANT POLYACETAL MOLDING COMPOSITIONS, AND MOLDED SLID- 
ING MEMBERS FORMED THEREOF 

The present invention generally relates to polyacetal molding compositions having anti-friction and 
wear-resistant properties, and to molded sliding members (e.g., "wear parts" or bearings) formed of the 
same. 

Polyacetal resins are well known engineering resins due to their balanced mechanical properties. In this 

5 regard, polyacetal resins usually exhibit desirable properties in terms of their frictional abrasive characteris- 
tics, electrical properties and chemical and heat resistance. As a result, polyacetal resins are being used 
extensively as a material from which parts for automobiles, electrical and electronic devices and the like are 
made. The properties that are, however, required of polyacetal resins in such end-use applications are 
continually in. need of improvement due to the special environments of use. 

10 The sliding characteristics of polyacetal resins are examples of properties which sometimes need 
improvement In this regard, the sliding characteristics of polyacetal resin involve not only its anti-friction 
characteristics (as determined by coefficients of friction) and abrasion-resistance properties, but also antt- 
frictional noise (i.e. squeaking) characteristics. All such properties are important when polyacetal resins are 
used as sliding members — that is, a component or part having a surface which bears against a surface of 

75 another component or part It can be appreciated, therefore, that all such characteristics - that is, anti- 
friction and anti-frictional noise characteristics, in addition to abrasion resistance - are important when 
polyacetal resins are employed as wear parts. 

Several techniques have been employed in the past to improve the sliding characteristics of polyacetal 
resins. For example, it has been suggested that other resins, such as fluororesins or polyolefin resins, or 

20 lubricating oils, such as fatty acid esters, silicone oils or mineral oils may be added to polyacetal resins to 
improve the sliding characteristics thereof. Some improvements, for example, improvements in anti-frictional 
noise characteristics, are obtained by adding fluororesins or polyolefin resins to a polyacetal base resin. 
However, these resins typically exhibit poor compatabilrty with the polyacetal base resin and therefore tend 
to defaminate on the surface of molded articles formed from such resin compositions. In addition, the poor 

25 compatabilrty of the resins in the composition may form mold deposits during injection molding of a part 
formed thereof. 

Similarly, the addition of lubricating oils is typically effective to reduce coefficients of friction and 
improve the abrasion resistance of molded articles. However, the addition of lubricating oils is usually 
inadequate to improve the anti-frictional noise characteristics of the wear part Several other problems also 
30 exist when lubricating oils are added to polyacetal resins, such as extrusion difficulties and "bleeding" of 
the lubricating oil onto the surface of molded parts during use. 

Thus, although some improvements have been achieved by means of the prior art techniques 
described above, further improvements in terms of anti-friction, anti-frictional noise and abrasion-resistance 
characteristics for sliding members, while maintaining and/or balancing the otherwise desirable 
35 mechanical/physical properties of polyacetal resins, have been needed. 

Broadly, the present invention relates to polyacetal resin molding compositions and molded parts 
therefrom that exhibit well balanced anti-friction, anti-frictional noise and abrasion-resistance characteristics, 
moldabilfty, little frf any) examination problems, satisfactory surface hardness and machinability. The 
compositions of the present invention are obtained by blending a specific graft copolymer, a lubricant and 
40 an inorganic powder having specific particle size limitations with a polyacetal base resin. 

More specifically, the present invention is embodied in polyacetal resin molding compositions compris- 
ing: 

(A) 100 parts by weight of a polyacetal base resin; 

(B) between 0.5 and 40 parts by weight of a branched or cross-linked graft copolymer which is a graft 
45 reaction product of (a) an olefin polymer, and (b) a vinyl or ether polymer; 

(C) between 0.1 and 20 parts by weight of a lubricant; and 

(D) between 0.5 and 30 parts by weight of an inorganic powder having a mean particle diameter of 50um 
or less, and wherein at least 95% of the particles have a particle diameter of 100jxm or less. 

Further aspects and advantages of the present invention will become more clear after careful consider- 
so ation is given to the detailed description of the preferred exemplary embodiments thereof which follow. 
Reference will hereinafter be made to the accompanying drawings wherein: 

FIGURE 1 A is an end view of a guide roller used to evaluate the machinability of molded articles of the 

present invention according to the Examples below; and 

FIGURE 1 B is a side elevationaJ view of the guide roller depicted in FIGURE 1 A. 
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The polyacetal base resin which can be used in the compositions of the present invention includes both 
polyacetal homopolymers and polyacetal copolymers having a polymer backbone mainly comprised of 
repeating oxymethylene units. In addition, resins prepared by modifying polyacetal by cross-linking or 
grafting by well-known techniques can be used as the base resins. The degree of polymerization for the 

5 polyacetal base resin is not particularly limited provided that the moldabilrty of the resin is not affected. 

The graft copolymer component that may be used in the compositions of the present invention includes 
copolymers formed by the graft-polymerization of (a) an olefin polymer, and (b) a vinyl and/or ether polymer 
so as to form a branched or cross-linked structure. 

Examples of the olefin polymer include homopolymers such as polyethylene, polypropylene and 

w polybutylene and copolymers having such homopolymers as the principal components. Examples of olefin 
copolymers onto which the vinyl and/or ether polymer may be grafted include ethylene/propylene 
copolymers, ethylene/1 -butene copolymers and copolymers comprising ethylene and a glycidyl ester of an 
o.jS-unsaturated acid (for example, glycidyl acrylate. glycidyl methacrylate and glycidyl ethacrylate.) Among 
them, polyethylene and copolymers comprising ethylene and glycidyl ester of an a. ^-unsaturated acid 

75 (especially, ethylene/glycidyl methacrylate) are most preferred. 

The polymer grafted onto the olefin polymer backbone comprises at least one polymer selected from 
the vinyl and ether polymers mentioned below. Examples of vinyl polymers include polymethyl 
methacrylate, polyethyl acrylate, polybutyl acrylate. poly-2-ethylhexyl acrylate, polystyrene, polyacrylonitrile. 
acrylonitrile/styrene copolymers.butyl acrylate/methyl methacrylate copolymer and butyl acrylate/styrene 

20 copolymers. Examples of ether polymers include polyethylene oxide, polytrimethylene oxide and poly- 
propylene oxide. Preferred examples are polymethyl methacrylate, acrylonitrile/styrene copolymers, and 
polyethylene oxide. A graft copolymer prepared by grafting polymethyl methacrylate or an 
acrylonitrile/styrene copolymer onto polyethylene is particularly preferred. 

The graft copolymer component used in the compositions of this invention is thus especially character- 

25 ized by an olefin polymer backbone, and a vinyl polymer or ether polymer grafted thereto. Thus, the vinyl 
and ether polymers are not used separately of the olefin polymer, but instead are grafted onto the olefin 
backbone through at least one site to form a branched or cross-linked polymeric structure. The effects 
achieved by the graft copolymer cannot be attained by merely adding either, or both, of the copolymer 
components to the polyacetal base resin. 

30 The graft copolymer that may be employed in the compositions of this invention can most easily be 
prepared by well-known radical reaction techniques. For example, the graft copolymer may be prepared by 
adding a radical catalyst to monomers constituting the polymer components and then performing grafting 
by kneading the momomer components. Alternatively, a radical catalyst such as a peroxide, may be added 
to one of the polymers to form free radicals, followed by melt-kneading the mixture with the other 

35 component The ratio of the olefin polymer component to the vinyl and/or ether polymer component grafted 
thereto so as to form the graft copolymer is preferably between 95:5 and 5:95. desirably between 80:20 and 
20:80, and more desirably, between 60:40 and 40:60. 

The amount of the graft copolymer component is most preferably between 0.5 and 40 parts by weight, 
and desirably between 1 and 30 parts by weight per 100 parts by weight of the polyacetal base resin. 

40 When the amount of the graft copolymer component is excessively small, the sliding characteristics, 
especially anti-frictional noise characteristics, cannot be attained. When the amount of the graft copolymer 
component is excessively large, however, the mechanical properties (such as rigidity) are deleteriously 
affected. 

The lubricant component which can be used in the compositions of the present invention includes all of 
45 the well known lubricants which are liquid at room temperature, or at least liquid at the resin's extrusion 
temperature. Examples include mineral oils such as spindle oil. refrigerator oil, turbine oil, machine oil, 
cylinder oil, gear oil and paraffinic oil, hydrocarbons such as liquid paraffin, paraffin wax and polyethylene 
wax; fatty acids such as lauric acid, myristic acid, palmitic acid, stearic acid, arachidic acid, behenic acid 
and montanic acid, alcohols such as hexyl alcohol, octyl alcohol, cetyl alcohol, stearyl alcohol, behenyl 
so alohol, glycols, glycerol, polyglycerol and pentaerythritol; fatty acid esters such as those of the above fatty 
acids with the above alcohols such as stearyl stearate behenyl behenate. pentaerythritol tristearate, 
pentaerythritol tetrastearate. glycerol monostearate and glycerol monobehenate: fatty acid amides such as 
stearamide, palmitamaide. oleamide. methylenebisstearamide and ethylenebisstearamide; metallic soaps 
such as calcium stearate, zinc stearate and magnesium stearate; natural waxes such as montan wax; and 
55 silicone oils. 

At least one lubricant (preferably selected from the lubricants noted above) is used. Because of the 
ease of handling, processability, anti-frictional and abrasive-resistance characteristics, mechanical prop- 
erties, and the like, paraffinic oils, fatty adds, fatty acid esters and silicone oils are most desirable. More 
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particularly, fatly acid esters having a total number of carbon atoms of at least 20, and silicone oils are 
especially preferred. 

The amount of the lubricant component in the compositions of this Invention is between 0.1 and 20 
parts by weight per 100 parts by weight of the polyacetal base resin. When this amount is less than 0.1 part 

5 by weight, no improvements In the slidability properties can be attained. On the other hand, when this 
amount is larger than 20 parts by weight, the other desirable properties of the polyacetal base resin are 
usually impaired. Preferably, the lubricant is present in the compositions of the present invention in an 
amount between 0.5 and 10 parts by weight 

The addition of the graft copolymer and the lubricant to the polyacetal base resin significantly improves 

io the anti-frictional and abrasion-resistance characteristics of polyacetal compositions. However, the surface 
hardness of molded articles decreases when the graft copolymers and lubricants are used as additives for 
polyacetal resins. As a result the use of such a combination has limited applicability to special sliding 
members. In addition, molded articles formed of such a composition tend to be difficult to machine. 
Furthermore, it was discovered that when a combination of the graft copolymer and relatively large amount 

75 of lubricant is added to polyacetal base resin, molded articles tend to delaminate under certain molding 
conditions. 

The compositions of this invention are especially characterized in that an inorganic powder having 
specific particle diameters are added to the above-described components. In this regard, it has been 
discovered that four necessary components of the present invention - namely a polyacetal base resin, a 

20 graft copolymer, a lubricant and an inorganic powder - are blended to form a polyacetal resin composition. 
A sliding member having excellent sliding characteristics, moldabilrty, machinability and other physical 
properties can thus be obtained when formed of the polyacetal compositions of this invention. The inorganic 
powder used for this purpose is one having a mean particle diameter of 50um or less, and wherein at least! 
95% of the particles have a particle diameter of 100um or less. In this regard, as the particle diameter of I 

25 the inorganic powder increases, the powder forms irregularities on the surface of molded sliding members 
thereby increasing the article's surface roughness, which can damage the mating material against which the 
sliding member slides. 

Although the type of inorganic powder usttHsjpt_rjarti^^ specific preferred examples 

include calcium carb onate, magnesium carbonate, talc, silica, clay, kaolin, diatomaceous earth, pearlite, 
30 bentoncte, feldspar.carbon and white carbon, ft is particularly desirable to use at least one member selected 
from the group consisting of calcium carbonate, talc, silica, clay, mica and carbon. 

The amount of inorganic powder is preferably between 0.5 and 30 parts by weight per 100 parts by 
weight of the polyacetal base resin. When the amount of inorganic powder is less than 0.5 parts by weight 
Ifttie (if any) improvements in surface hardness and mechanability can be recognized. On the other hand, 
35 when it is present in amounts greater than 30 parts by weight the slidability properties are usually 
deleteriously affected. In addition, excess inorganic powder in the polyacetal compositions may roughen the 
surface of molded articles to an undesirable extent as was briefly mentioned above. 

The compositions of the present invention are especially characterized in that a polyacetal resin having 
excellent performance characteristics and balanced properties including anti-frictional and abrasion resis- 
40 tance characteristics, moldability, surface properties (hardness and delamination), and machinability can be 
obtained by adding a combination of a specified graft compolymer with a lubricant and a specified inorganic 
powder to a polyacetal base resin. 

Although the addition of a "rigi d" inorgan ic material usually deleteriously affects sliding characteristics 
of molded parts, such as anti-fricfion and ^brasTon-resistance properties, ft has unexpectedly been found 
45 that particulate inorganic powders having particle diameters as specified previously (especially fine 
particulate materials comprising calcium carbonate, talc, silica, clay, mica or carbon) do not deleteriously 
affect the polyacetal compositions' sliding characteristics. 

The compositions of this invention thus exhibit excellent sliding characteristics necessary for use as 
tape guides used in videotape recorders, for example. In addition,.moJded_parts formedof the compositions 
so of the present inventio^are^easijy machined so that specified dimensions and/or specified forms generally 
required of sliding members can bejfrovided. 

Other additives may~be incorporated into the compositions of the present invention as may be desired 
for specific end use applications. Examples of such additives include colorants, mold release agents (other 
than the above-mentioned lubricants), nucleating agents, antistatic agents, surfactants, and polymers (other 
55 than the above-mentioned graft copolymers). It Is also possible to add at least one inorganic, organic, 
metallic or the like fibrous or flaky filler or other particulate fillers in the compositions of the present 
invention provided that the beneficial characteristics are not deleteriously affected. 

The compositions according to the present invention can easily be prepared by known techniques 
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which have teen generally used in preparing conventional resin compositions. For example, the ingredients 
may first be mixed and then kneaded and extruded in a uniaxial or biaxial extruder to prepare pellets. The 
pellets may then be molded to form molded sliding members. Alternately, pellets having different 
compositions may be prepared as a master batch with a specific amount of such pellets being mixed with 
s other components and then molded to form sliding members. 

In the preparation of the compositions according to the present invention, it is most desirable to 
improve the dispersibility of the additives whereby at least part of the polyacetal resin is ground into a 
powder which is then mixed with the other components. The thus obtained mixture may then be extruded to 
form pellets and/or a final molded article. 
jo When a liquid lubricant is employed, the graft copolymer component Is preferably impregnated with the 
lubricant by premixing. The premixed components may then be kneaded with the polyacetal base resin and 
extruded. Such premixing is especially desirable in view of the ease with which the compositions of the 
present invention can be prepared when liquid lubricant components are employed. 

The polyacetal resin compositions according to the present invention exhibit excellent sliding char- 
ts acteristics (including anti-friction, anti-frictional noise and abrasion-resistance properties), in addition to 
significantly improved surface hardness and machinability properties. Moreover, molded sliding members 
formed of the compositions of the present invention show significantly reduced surface delamination and 
overall more desirably properties for use as a sliding member. The compositions of the present invention 
are easily extruded and molded and do not undergo appreciable separation, "bleeding", and the like of the 
20 components onto the surface of the resulting molded article. 

Further aspects and advantages of the present invention will become apparent from the following non- 
limiting examples. 

25 EXAMPLES 

The data used in the following Examples were obtained using the following techniques: 



30 1. Surface appearance of a molding: 

Test pieces for evaluation (50mm x 50mm x 1mm, centrepin gate system) were molded under the 
molding conditions indentified in Table 1 to evaluate the delamination state of their surfaces (especially, 
near the gates) using the following qualitative ranks: 

35 

5 4 3 2 1 

(good) (poor) 

40 

none 4 delamination ^ significant 



45 TABLE A 



Molding conditions 


A 


B 


cylinder temperature (* C) 


190 


190 


injection pressure (kg/cm 2 )* 


750 


750 


injection speed (m/min) 


1 


3 


[*1 kg.cm 2 = 100kPa(approx.)] 



2. Machinability: 
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A guide roller as shown in Figure 1 was prepared and aged at 140* C for 3 hours. An inside sliding part 
of the roller was machined with a fine lathe turning machine. The appearance (burring and fluffing) of the 
machine inside surface was then viewed under an electron microscope (x2000) and evaluated using the 
following ranks: 



5 4 3 2 -J. 

(good) (poor) 

none 4* burring/fluffing ^significant 



3. Vickers hardness: 

The surface of the frictional face of a molding (a cylindrical molding having an inside diameter of 20 
mm and an outside diameter of 25.6 mm) for the friction and abrasion test was measured with a 
microVickers hardness meter (manufactured by Matsuzawa Seiki). The larger numbers Indicate a harder 
molding. 



4. Coefficient of friction and specific abrasion wear 

The coefficient of friction and the specific abrasion wear were measured with a Suzuki friction and 
abrasion tester under a pressure of 0.9 kg/cm 2 , a linear speed of 180mm/sec, and a contact area of 2.0 cm 2 
by using an ordinary polyacetal resin (Duracon M 90-02 polyacetal, a product of Polyplastics Co., Ltd) as 
the mating member. 

The substances used as the component B and the constituents thereof are as follows, and listed in 
Tables 1 and 2 in terms of abbreviations: 
(a) PB polyethylene 

(a) E/GMA: ethylene/glycidyl methacrylate (85:15) copolymer 

(b) PMMA: polymethyl methacrylate 

(b) AN/S: acrylon'rtrile/styrene copolymer 

(B) PE-g-PMMA: graft copolymer of PE (50) with PMMA (50) 

(B) PE-g-AN/S: graft copolymer of PE (50) with AN/S (50) 

(B) E/GMA-g-PMMA: graft copolymer of E/GMA (70) with PMMA (30) 



Examples 1 to 15 and Comparative Examples 1 to 13 

A polyacetal resin Duracon polyacetal, a product of Polyplastics Co., Ltd. was mixed with a graft 
copolymer as component (B), a lubricant as component (C) and an inorganic powder as component (D) in 
the proportions as specified in Table 1. The mixture was melt-kneaded with a twin-screw extruder to give a 
palletized composition. A test piece was prepared by injection molding the pellets and evaluated. Table 1 
gives the results. 

For comparison, compositions listed in Table 2, prepared by omitting one or two components from 
among the graft copolymer (B), lubricant (C) and inorganic powder (D), and a composition formed by using 
an inorganic powder of a larger particle diameter as component (D), were evaluated in the same manner. 
The results of such comparisons are given in Table 2. 
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Table 1 
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Table 1 (cont'd) 
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Table 2 
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Table 2 (cont'd) 
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While the invention has been described in connection with what is presently considered to be the most 
practical and preferred embodiment, it is to be understood that the invention is not to be limited to the 
disclosed embodiment, but on the contrary, is intended to cover various modifications and equivalent 
arrangements included wherein the spirit and scope of the appended claims. 



10 



EP 0 420 564 A2 



Claims 

1. A polyacetal resin molding composition exhibiting anti-friction and abrasiorwesistance properties com- 
prising: 

5 (A) 100 parts by weight of a polyacetal base resin; 

(B) between 0.5 and 40 parts by weight of a branched or cross-linked graft copolymer which is a graft 
reaction product of (a) an olefin polymer, and (b) a vinyl or ether polymer; 

(C) between 0.1 and 20 parts by weight of a lubricant and 

(D) between 0.5 and 30 parts by weight of an inorganic powder having a mean particle diameter of 50jim 
io or less, and wherein at least 95% of the particles have a particle diameter of 100um or less. 

2. A polyacetal resin composition as claimed in claim 1, wherein the graft copolymer is the graft-reaction 
product of (a) polyethylene and (b) polymethyl methacrylate or acrylonitrile/styrene copolymer. 

3. A polyacetal resin composition as claimed in claim 1 or claim 2, wherein the inorganic powder is at least 
one selected from the group consisting of calcium carbonate, talc, silica, clay, mica and carbon powders. 

75 4. A polyacetal resin composition as claimed in any preceding claim, wherein the mean particle diameter of 
the inorganic powder is 10um or less. 

5. A polyacetal resin composition as claimed in any preceding claim, wherein the lubricant is at least one 
selected from the group consisting of paraffinic oils, fatty acids and esters of fatty acids, and silicone oils. 

6. A molded sliding member comprising an anti-friction and wear-resistant polyacetal resin composition 
20 according to any preceding claim. 

7. A sliding member as claimed in claim 6, wherein the graft copolymer is the graft-reaction product of (a) 
polyethylene and (b) polymethyl methacrylate or acrylonitrile/styrene copolymer. 

a A sliding member as claimed in claim 6 or claim 7, wherein the inorganic powder is at least one selected 
from the group consisting of calcium carbonate, talc, silica, clay, mica and carbon powders. 
25 9. A sliding member as claimed in any one of claims 6 to 8, wherein the mean particle diameter of the 
inorganic powder is 10um or less. 

10. A sliding member as claimed in any one of claims 6 to 9. wherein the lubricant is at least one selected 
from the group consisting of paraffinic oils, fatty acids and esters of fatty acids, and silicone oils. 
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